ARTICLE SUPERIOR IN MAKING WATERDROPS SLIP DOWN SURFACE 
THEREOF AND PROCESS FOR PRODUCING SUCH ARTICLE 



BACKGROUND OF THE INVENTION 
5 The present invention relates to an article having a functional 

(waterdrop slippage capable) film superior in making waterdrops slip down 
the surface of the article. This article can be used for architectural and 
vehicular windowpanes, mirrors, and industrial glasses. 

Various compositions (including silicone waxes, organopolysiloxanes, 
10 and surfactants) have been proposed in the course of improving waterdrop 
slippage capability. 

US Patent 3,579,540, corresponding to Japanese Patent Examined 
Publication JP-B-50- 15473, discloses a water repellent composition 
containing an alkylpolysiloxane and a mineral acid. 
15 ' Japanese Patent Unexamined Publication JP-A-5-301742 discloses a 
,■ water repellent agent for automotive window glass. This water repellent 
'i agent contains an amino-modified silicone oil and a surfactant. 

JP-A-1 1-18 1412 discloses a surface treating agent containing a 
component that is a fluorine -containing silicone compound and/or its partial 
20 hydrolysate. This component contains a first essential unit in which a group 
(e.g., -(CH 2 )3(CF2)7CH 3 and -(CH^sCCFishCFa) is directly bonded to a silicon 
atom of an organosiloxane unit, and a second essential unit in which a group 
(e.g., -(CH2)3SiCl3) is directly bonded to a silicon atom of an organosiloxane 
unit. 

25 JP-A-2000* 144056 discloses a surface treating liquid that is a mixture 

of (a) a first or second silicone compound, (b) an acid, and (c) a solvent 
containing water dissolved therein. The first silicone compound has a 
hydrolysable functional group at its end. The second silicone compound has 
a hydrolysable functional group at one end and a fluorolalkyl group at the 

30 other end. 
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JP-A-8- 12375 discloses a water-repellent article prepared by applying 
a coating liquid to a substrate. This coating liquid is prepared by mixing 
together (a) a first solution obtained by hydrolyzing in a solvent a fluoroalkyl- 
group -containing silane compound and another compound 
5 (polydimethylsiloxane and/or polydimethylsiloxane derivative) and (b) a 
second solution obtained by hydrolyzing in a solvent an alkoxysilane 
compound. 

JP-A-200O26758 discloses a coating composition containing as 
essential components (A) a hydroxyl-containing vinyl polymer, (B) an epoxy* 
10 terminated siloxane polymer, (C) a sulfonic acid compound, (D) a crosslinking 
agent component, and (E) a surfactant. 

JP-A-6-262943 discloses an automotive windshield system having a 
two-layer-coated front windshield and a resin-coated windshield wiper. 

JP-A-8-268234 discloses an automotive windshield wiper system with a 
15 pressure regulator for regulating the wiper pressure against a front 
windshield. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an article that is 
superior in making waterdrops slip down the surface of the article and in 
20 wear resistance against the windshield wiper movement. 

It is another object of the present invention to provide a process for 
producing the article. 

According to the present invention, there is provided an article 
superior in making a waterdrop slip down a surface of the article. This 
25 article comprises a substrate and a functional film formed on a surface of the 
substrate. This functional (waterdrop slippage capable) film comprises- 

(a) a silica forming a matrix of the functional film! 

(b) a dimethyl silicone represented by the general formula [A], the 
dimetyl silicone being in an amount of from 0.1wt% to 10wt%, based on a 

30 total weight of the silica; and 
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(c) a fluoroalkylsilane represented by the general formula [B], 
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CH 3 



^O^C^Si-Ai-Si—O-Si- 

CH3 CHq 



CH 3 



-A 2 -Si-(CH 3 ) 3 . q (0^- [A] 



n 



where each of A 1 and A 2 is independently a bivalent hydrocarbon group, 
"(CH2)r NH-COO- group, where i is an integer of from 0 to 9, or oxygen; n is 
an integer of 2,000 or less and represents an average degree of 
polymerization; each of p and q is independently an integer of from 0 to 3; a 
total of p and q is 3 or greater; and each of terminal oxygens is independently 
bonded to a unit that is different from the dimethyl silicone or to another unit 
that is identical with the dimethyl silicone, 

B(CF 2 ) r CH 2 CH 2 Si(CH 3 ) 3 . s (0^ m 

where B represents -CF3 group or — CH2CH2Si(CH3)3-t(0*)t group, 
where t is an integer of from 1 to 3; r is an integer of from 0 to 12; s is an 
integer of from 1 to 3; and a terminal oxygen is bonded to a unit that is 
different from the fluoroalkylsilane or to another unit that is identical with 

15 the fluoroalkylsilane. 

According to the present invention, there is provided a first process for 
producing the above article. The first process comprises the steps of- 

(a) mixing a silica precursor sol with (i) an alkoxy- group -terminated 
dimethyl silicone that is represented by the general formula [l] and that is in 

20 an amount of from 0.1wt% to 10wt%, based on a total weight of a silica that is 
to be produced from the silica precursor sol and (ii) a fluoroalkylsilane 
represented by the general formula [2], such that the alkoxy-group- 
terminated dimethyl silicone and the fluoroalkylsilane are subjected to 
hydrolysis and polycondensation to form a polycondensation product and such 

25 that a coating liquid containing a mixture of the silica precursor sol and the 
polycondensation product is prepared; and 
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(b) applying the coating liquid to a substrate , 



CH 3 



CH 3 



CH 3 



(RO) p (H 3 C) 3 . p Si - A 1 - Si— O - Si— A 2 ^ Si - (OR) q (CH 3 ) 3 . q [1] 



CH 3 



where each of A 1 and A 2 is independently a bivalent hydrocarbon group, 
-(CH2)rNH-COO- group, where i is an integer of from 0 to 9, or oxygen; R is a 
5 monovalent hydrocarbon group; n is an integer of 2,000 or less and represents 
an average degree of polymerization; each of p and q is independently an 
integer of from 0 to 3; and a total of p and q is 3 or greater, 

B(CF^CH 2 CH 2 Si(CH 3 ) 3 _ s X s [2] 

where B represents -CF3 group or -CH2CH2Si(CH3)3-tYt group, where 
10 Y represents a hydrolysable group and t is an integer of from 1 to 3; X 

represents a hydrolysable group; r is an integer of from 0 to 12; and s is an 
integer of from 1 to 3. 

According to the present invention, there is provided a second process 
for producing the article. The second process comprises the steps of- 
15 (a) subjecting an alkoxysilane to hydrolysis and polycondensation, 

thereby preparing a silica precursor sol; 

(b) subjecting an alkoxy- group -terminated dimethyl silicone 
represented by the general formula [l] and a fluoroalkylsilane represented by 
the general formula [2] to hydrolysis and polycondensation, thereby 

20 preparing a polycondensation product; 

(c) mixing the silica precursor sol with the polycondensation product, 
thereby preparing a coating liquid; and 

(d) applying the coating liquid to a substrate. 
BRIEF DESCRIPTION OF THE DRAWINGS 

25 Figure is a graph showing the contact angle changes of a waterdrop in 

the wiper wear test of Example 1-12 and Comparative 1*3. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
tS)li^ , 7-r/^-lCctoTfe<U, ^tt(Ccfc:7T7k;ig£[&£«c£ (it" 

10 tel^o 

is itttW©-K[A]T'i$My/^yUn->ll fg1 Xliffi 2 
t'tffl$W7^3 + yi*«y/5 1 ^y | J3-> (-#xt[1]-ea£ti5) Ic 
fi*tSt©T^S. «tett&K<DHK£[B]TS£tl£7;M-P7;U 

C2]T*a$n§) -icasfc-ra 

20 -^it[A]X(i[1]lCfcL\T, ffiHEWS^fin(i1*(C5-1 OOOTOCt 

-j&it [1] ©7;u3+*>5*jg^^5 L ;ue/U □ «ic7;u=i+vS 

25 -flSit C2] ©7MP7»y7>ll *^(c*)P7k#^1*S£W^3©T\ 
D> 7 HJ y47Xt l/T©->U*<fc^ttlc|g^U»*. 
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■ t & 3 7 jm- □ 7 jmf- ;u *> ^ > t $ n fc mfrfcfr t>mm2ti%b<Dx$>z>o 

5 ^fli b $ tl £ R£ lz 7 JU =1 * yl*« v * 3^ v U =] - >0 7 JU □ * :> 
mtfe'l* $JH£ «ritT 5 fiJt^T '& 5.7hUy^tl/TOi/iJAIl 7 3 * *> 

i^y«>7> cs i (oc 2 h 5 )j ) tm^^mm^s (mtf. m 

3 o^gg) umfeAzmz* fiK ^tbTli, x«,7;u=i-;k ^vt"p 
tfji/7;U3-;u^<l:(0ffi»7;U3-;k X(i, *n&0S£jS«**ilsw^ 

15 mnikmrntrnzmmz^, m&i,xmmB&*z. *u-c, ^a^^b 

<D £ O \Z 7 )l> 3 + > v 7 > © iP7k## li. BUIE 7 =l * v > 7 > £ ajfgJ£*4 1 b 

20 t, '>»07K<tm^ grat mMteZfDMMmzmtoLnvzttfT'Z. torn 

tXDT&fcl^, ±iecDcte)^7^3 + vv7>^}§^-C : ^IRb7t: : bO<t. 

25 cfcU^HfeJS/S*«^bn5©T% $?£bl\ 0 

ft, 7J^+yy7>tLTIt 0iJ*.tf* fh7/h+yv7X rh7ih 
+ y>7X 7h7^n^y>7X x >tl£>x h^7;U=3 

+ yy7>i, *?JUMJ> h*->*>5>, ^^h'Jxh+yy^X xfMU 
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HuIfi->U7jVMHC;l^$n^-^it [1] T'I$W7J^ + yI«y7f 
Jl/yiJn->^n7^3*yI®^ (p + q) It. 3 tt±T*&% ZttfW.m 
T-&3 0 iP7K^ft?14S(D7;U =l * v8<£>»' 3 {g*;irc&<5> <h 7JU=I * > ->7 > 
10 £ A^K^S $ -tf 3 c <fc IC r> Xi% b tl 3 «> U 73 v h U y £ <h fc 

+ q) <D-&m*S lUJiT'&tttttf&b&U. 
is $1 XliS2^;4lcfeUT, -«3t [1] Tl^tl^JJ^ + yl^y^f 
;U v U 3 v "J 73 vOUfr e»£J5£S*l<5 f> U 73 (DfilCtt UT 0 . 
OSfi%(OSJ^T'}F e ^$tlT/d:^C(h^«^T'S>$o CftlCckoT, 
Oy/^k>U =i->#SIi. ->U73©±**S«P (1 0 011%) iUT, 0. 

0Ii%l:^ o o. i MX*jrett v ttflt(i+#&7&7K14£3j* 
20 $-f\ 1 0SS%£jg;L<5<h> '>U*l/JU(i:©4SJStt^iaTUfiEBI14A«*Kfll 
£blc, -&5t [1] T*a£n37JU3*:>S*^v7<3^>y =i-> 
Xli-jRitWT^SnSv^^Uv'J 3-><£>TOfi£J£nli, 2 0 0 0^S 

tttt^*U<«T-r*©T, 2 0 0 OUTT'&ttfttf&b-f. ftlC, 5-10 0 
25 0T&6C U\, 5^|ITfe^<h7JU3 + ->S*^v^5 1 ;U->'J 3-> 
0»§Stt#K<£U» &^te«IIS*(c»AWc<<&3. -7t, 1 0 0 0^ 
^<hv'j73^U<h<D4@^tt^fST-r-5(DT% ¥£l»£Jgnli1 OOOUTtfcS 
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X(*3S 2 fcl\T, -SSxt [2] Ti^n^7MP7^y7> 

a* *> 'j vvu^ b £ ti3 v u t> o)±mttt l t 3 mm % ~ 2 0 mm % <dw\^ 
-^jt[B]T-a$4a-57;u^P7>'U+;u->^>^\ vU^©±iMi^ (1 0 

Owt%) ICbT. 3li%~2 0fi*%IC&3 o 3li%*lTtt, wm<Dm 

mft : &*<Di'V*\zmi-^i'V*m%m<D : Mmzo. os~o. 3ii%t 

li, -^it[A]T^$n^ v^^;u->u =l-> 1 t;HC*tUT2 0 - 2 0 OtJb 
#S-r^O^0SUO„ $b(C, ^1 3llim2^;ilCfct\T> -fl$5t [2] Tit 

£ft<57JM-P7>'WUv^>ii, 7^3+yiKy^^y'j3-> 1 

IC21UT2 0-2 0 0 t;UOfiJ£T^£$ii3cD#'#£UlN 0 2 0^E;U*;HT[i 

tuie-^it [2] T*ll$n37;U*P7JM^>^><!:UT[i, ^J^.[iCF 3 
(C F ,) ,, C H 2 C H 2 S i (OCH,) , 4 CF, (CF ,) „ C H , CH 2 S i C 

H 3 (OCH ,) t% CF j (CF,) „CH ,CH 2 S i (CH,) ,OCH.,, CF, 
(CF ,) jCHjCHjS i (OCH,) CF,(CF 2 ) 9 CH 2 CH 2 SiC 

H, (OCH,) CF, (C F ,) jCH ,CH , S i (CH ,) 2 OCH CF, 
(CF,) 7 CH 2 CH 2 S i (OCH,) r CF, (CF,) 7 CH 2 CH 2 S iC 

H, (OCH,) r CF, (CF,) jCHjC.HjS i (CH,) ,OCH CF, 



8 



(CF 2 ) S C'H,CH,S i (OCH ,) 3 , CF 3 (CF 2 ) 5 CH 2 CH 2 S i C 
H 3 (OCH 3 ) CF 3 (CF 2 ) 5 CH 2 CH,Si (CH 3 ) ,OCH 3 , CF, 
CH 2 CH 2 Si (OCH,) 31 CF 3 CH 2 CH,SiCH 3 (OCH 3 ),, CF 
,CH ,CH jS i ( C H 3 ) , O C H 3 , CF,(CF 2 )„CH 2 CH 2 SiCI 3 , 
5 CF, (CF 2 ) „CH 2 CH 2 SiCH 3 CI 2 , CF, (CF 2 ) „ C H 2 C H , S 
i (C H 3 ) 2 C I „ CF 3 (CF,),CH,CH 2 SiCI 3 , CF, (CF,) ,C 
H 2 CH 2 SiCH 3 CI 2 , CF 3 (CF 2 ) 9 CH 2 CH 2 Si (CH,) ,CI, 
CF, (CF,) ,CH ,CH ,S i C I 3 , CF, (CF,) 7 CH 2 CH 2 SiCH 3 
C I ;> CF, (CF,) ,CH,CH,S i (CH,) ,C I, CF, (CF,) S CH 
10 ,CH,S i C I CF, (CF,) S CH,CH,S i CH,C I ,> CF, (CF 
2 ) S CH,CH,S i (CH,) 2 CK CF,CH,CH,S iCI 3 , CF,CH, 
CH,S i CH,C I CF,CH,CH,S i (CH,) ,C I mO^miZ^k 

ftf&^&mz^tzyMnjjiirA's^y^, (ch 3 o) 3 s i ch,ch 2 

(CF,) „CH,CH,S i (OCH,) (CH,0) ,CH,S i CH,CH, 
15 (CF,) „CH,CH,S i CH, (OCH,) ,> CH,0 (CH,) ,S i CH, 
CH, (CF ,) „CH,CH,S i (CH 3 ) 2 OCH 3 , (CH,0) ,S iCH, 
CH , (C F ,) 1( C H , C H , S i (OCH,) (CH,0) ,CH,S i CH, 
CH, (CF,) , 0 CH,CH,S i CH, (OCH,) CH,0 (CH,) 2 S i 
CH ,CH 2 (C F ,) 10 CH ,CH , S i (CH,),OCH 3 , (CH,0) ,S i 
20 CH,CH, (CF,) ,CH,CH,S i (OCH,) (CH,0) ,CH,S i 
CH,CH, (CF,) ,CH,CH,S iCH, (OCH,) CH,0 (CH,) 2 
S iCH,CH, (CF,) ,CH,CH,S i (CH 3 ),OCH r (CH,0) , 
S iCH,CH', (CF,) 8 CH,CH,S i (OCH,) ,> (CH,0) ,CH, 
S i CH,CH, (CF,) 6 CH,CH,S i CH, (OCH,) 2% CH,0 (CH 
25 ,) ,S i CH,CH, (CF,) t CH,CH,S i (CH,) ,OCH r (CH, 
O) ,S iCH,CH,CF,CH,CH,S i (OCH,) 3> (CH,0) 2 CH, 
S i CH,CH,CF,CH,CH,S i CH, (OCH,) ,> CH,0 (CH,) , 
S i CH,CH,CF,CH,CH,S i (CH,) ,OCH,, C I ,S i CH,C 
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H 2 (C F j) 12 C H 2 C H 2 S iCI 3 , CI 2 CH 3 S iCH 2 CH 2 (CF 2 ) 12 
CH 2 CH 2 S iCHjCI 2> CI (C H ,) 2 S iCH 2 CH 2 (CF 2 ) 12 CH 2 
CH 2 Si ( C H 3 ) 2 C K CI 3 SiCH 2 CH 2 (CF 2 ), 0 CH 2 CH 2 Si 
CI 3 , CI 2 CH 3 SiCH 2 CH 2 (CF 2 ) 10 CH 2 CH 2 SiCH 3 CI 2 , C 
I (C H 3 ) 2 S i CHjCH, (CFj) ,„ C H 2 C H 2 S i (CH 3 ) 2 CKCI 
3 S iCH 2 CH 2 (CF 2 ) 8 CH 2 CH 2 SiCI 3> CI 2 CH 3 SiCH 2 CH 
2 (CF 2 ) 8 CH 2 CH 2 SiCH 3 CI 2 , CI (CH 3 ) 2 SiCH 2 CH 2 (C 
F 2 ) 8 CH 2 CH 2 Si (CH,),CI, CI 3 SiCH 2 CH 2 (CF 2 ) 6 CH 2 
CH 2 SiCI 3 , CI 2 CH 3 SiCH 2 CH 2 (CF 2 ) 6 CH 2 CH 2 S iCH 3 
C I r CI (CH 3 ) 2 SiCH 2 CH 2 (CF 2 ) 6 CH 2 CH 2 Si (CH 3 ) 2 
C K C I 3 S i C H 2 C H 2 C F 2 C H 2 C H 2 S i C I 3 s CI ,CH,SIC 
H 2 CH 2 CF 2 CH 2 CH 2 S iCH,CI 2 , CI ( C H ,) 2 S iCH 2 CH 2 C 

f 2 ch 2 ch 2 si (ch 3 ) 2 ci monMmzmykftM&m&mtzyju* 

UT)l*)l : / : 7>$:mi\Z>Z.tftX'ZZ> a X, b&IE— Jfeit [2] (DX^YT'i$ 

□ (-J&xt[A]T*lt£*i3) te&tfmlZ? )\>*UT )l* frisky (-«iC[B] 
£DTl\&l\7JU:3*:>SgB;fc<£tf» 

EJfcOTfe^J&^&TUTfcSUSitfcl*. £7c. iiuiS v^^U > 'J =1 cfc 
itui E 7 □ 77-M^U v ^ ffe(Dy^WJ3->J5J: ffe© 7 □ 
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$L$m izy^f A-^U- KcDb'ti U < ills |c fi£IW& I \ U^Hcfc 

ymWKSs ±4n>mt* /HU^V-f^H. ^777^ h^=i- h$ttTOS 
^ zf A ^ © *> <D * ffl l \ -5 C <h ifi T 3 o 

*£ft®m&1&4M®jK9(;t, 1 0nm~1 OOnmt'BCW 

$0. 05Ii%~0. 3SS%i:SIII^-^Z<»:lCj:oT 1 0 nm~3 0 nm© 

'J*V*;Hc, milS^jt [l] Ttfi$n*7^3*->»5|£«^>^U«>U3-> 
^SuK-flSit [2] T'a$n-57;U^P7JU+;Uv^>i:^ig^-r^o isot, 
milSZ^zi + vS^v^^Uv'J P->£mfIS7JU*P7;U*JU->^>£in7k 
#JS?£-tL $ b lc«tt^JSJtBfc«i: o Tmiifi > U * 3 d £ U f# 

^CiA^S. C©<h£. 7;H3 + >-S«v^^;i/v l J=i-><t:7;^P7 

l^2^ilt -fta [1] T'a£n37;U3**>Sm^:y*3^vy 
-JSiC C2] T*mZft%7 )l*&7 ll^JVis^y tZ1$\*ftM, SH^UT?#b 
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*Jk>5 ><h £^a6AD7K#8?, MB^t 3 c t fed; y 

3Kim2^-;iTffltN^.j§^i:LTIi, x3Mk7;U=] -,1k -T V:/P t°;U7 

mimmmtz a t u x ^mm t z> c t #v z % . 

ct^^^^PJ^+ykv^V^Ofi^^M/^^iSfT^ti-T, v*^7k>U=J-> 
fc<fc£/77k*P 7;U*7k>5 -> 'Jj]?hU-^Xi ilslfltlc, 
S^®(C^14^^@S$1t^o MS^JgiUTIi. 8 0°C~6 0 0°C# 

mMm&m&8 o°c^mxu. mmm£&fo&^-\-fttt£%fztfx 
®mn&mt>mttiz-\-ftizmMutiii.\(Dx\ mgktLxmxnm&TLft 

£L<&Uo — 2j\ 6 0 or^JSx-Siv^^Uv'J P->-^7;k^-P77U+;U 
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^$tl5t©T? life < » spg^f ^ 7 * e> IC ft If *RiJ 7XiLTIit)^ 5 /uSU£® 

K«*£g<b#7*, TFTffl73^7. PDPM7X, 7C^7^U*-«Stt73 
^ X £ «ff CD =& 3 73* 5 7 $ ffl U -5 C <h # V t -5 o 
73* ^ 7 T£ -5 £ <!: *> (C, &Jf #7 7 h Z I * ^ 7 £ UT 

jut©h«e0"J 1-1-1-1 3 &tf3 - 1-3-5 izTjkznzxoiz. *mw 
(Dmmm&miz. m^Mimtmx^ mzm^mm^ 9W/t-*(c«ta» 

2-1-2-1 3lC5j*£tt£J:5i::. *Si*W©»Bi*fc«ffitttttttt» 
]UT©HJ£0>J 1-1-1-1 3 WH»J 2-1-2-1 3 {iH 1 73 j4lC*t/& 
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num 1-1 

(1 ) •> i Jj3V)MDmm 

vU^WKi, 7h7lh*-»7> CS i (OC 2 H 5 ) 4 : TEOS) ©An* 

M£j5jc6£ii«>« ztiz£v mm Vtc 

Jtf, TEOS ; 3 1 2. 5giI+^>F1 ( 9 0 fia%©X^ J -Jit 1 

omm%(D^vyu)d)i7)i^-)vt^t^\mLT)i^-)i(D : ^m ■, 450 

. 0 g£E£U tt3 04NW«#U;SjftA£&fc. X, 6 Ofi«%58§£*}§$ ; 
7. 5g, H,0; 2 1 0. 0 g&tfX**>F 1 ; 2 0. 0 g£;f e £U ^3 

o^p H mr#U}SjaB^'#fe. ;^ot, ^a^^b^^ am swims 
rmwt z> z t iz j: o r v u 73 vou x ^n*:, 

(2) £ffift<Z)H£t 

ig£ LTft 6>*ifciE£1*l lc±K > 'J * V> X S^f 3 C <h lc J: o Tf#fc 
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1 







mummy 


as 

(sa%) 


m-y 

(MX) 


7A*P7A*A 

mm%) 








%mm 1-1 


2 0 0 


6 




0. 1 


1 . 0 


1 0 


2 8 0 


ntew 1-2 


3 0 0 


6 


C8 IhWIAhvT/ 


0. 1 


1 . 0 


1 0 


2 8 0 


mm\ 1-3 


5 0 0 


6 


C8 7A*n7A4*>7> 


0. 1 


1 . 0 


1 0 


2 8 0 




5 0 


6 


C8 7A*P7A*A'>7> 


0. 1 


1 . 0 


1 0 


2 8 0 




1 5 0 


6 


C8 7Jktn7JtiJk>7>' 


0. 1 


1 . 0 


1 0 


2 8 0 




2 0 0 


6 


C8 7^Q7MAy7V 


0. 1 


0. 5 


1 0 


2 8 0 




2 0 0 


6 


C8 7A*P7A*Ay7y 


0. 1 


1 . 0 


1 1 


2 8 0 




2 5 0 


6 


C8 IhWhWny 


0. 1 


1 . 0 


9 


2 8 0 




3 0 0 


6 


C8 7A*P7A*Av7y 


0. 1 


1 . 5 


1 0 


2 8 0 


xis«i-lc 


3 0 0 


6 


C8 7A*P7A*Av7;> 


0. 1 


1 . 5 


1 1 


2 8 0 




3 0 0 


6 


cio MtujiAhvjy 


0. 1 


1 . 5 


9 


2 8 0 


%mm\-\2 


3 0 0 


6 


C10 7A*P7A*Ay7> 


0. 1 


1 . 5 


1 0 


2 8 0 




2 0 0 


6 


C8 7A*P7A*Ay7> 


0. 1 


1 . 0 


1 0 


1 5 0 




2 0 0 


6 




0. 1 


1 . 0 


0 


2 8 0 




1 5 0 


6 


C8 7A*P7A*Ay7> 


0 






1 0 0 




2 0 0 


6 


C8 IhtWihShVJJ 


0 . 1 


5 0.0 


3 


2 8 0 


ttnm \y 


2 5 0 0 


4 


C8 7A*P7AHv7> 


0. 1 


1 . 0 


1 0 


2 8 0 


ttmi i-; 


2 0 0 


6 


C8 7A*P7A4A*/7> 


0. 1 


2 0.0 


1 0 


2 8 0 


ttKWI 1-6 


2 0 0 


6 


C8 7A*P7A*Ay7> 


0. 1 


1 , 0 


3 0 


2 8 0 


ttmi i-9 


2 0 0 


6 


C8 7A*P7A4Av7> 


1 . 0 


1 . 0 


1 0 


2 8 0 




2 0 0 


6 


C8 7A*P7A**y7> 


0. 1 


1 . 0 


1 0 





•>7> CC F 3 (C F ,) 7 C H 2 C H 2 S i (OCH,) rC8 7iWP 
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7JI/*7V>5>J t'gV&TZ) Mm; 0. 7 2g, gmx^UTO. lMfi%|c 
#?KL7c¥£jE«Jtn#2 0 O07;^^vS^«y>f jk>'J =3-> [ (CH 
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WHAT IS CLAIMED IS: 

L An article superior in making a waterdrop slip down a surface of the 
article, the article comprising: 
a substrate; and 

5 a functional film formed on a surface of the substrate, the functional 

film comprising: 

(a) a silica forming a matrix of the functional film; 

(b) a dimethyl silicone represented by the general formula [A], the 
dimetyl silicone being in an amount of from 0.1wt% to 10wt%, based on a 

10 total weight of the silica; and 

(c) a fluoroalkylsilane represented by the general formula [B], 



CH 3 



-eO) p (H 3 C) 3 . p Si - A* - Si— O - Si— A 2 - Si - (CH 3 ) 3 . q (O -fc- [a] 



CH 3 



n 



where each of A 1 and A 2 is independently a bivalent hydrocarbon group, 
-(CH2)rNH-COO- group, where i is an integer of from 0 to 9, or oxygen; n is 
15 an integer of 2,000 or less and represents an average degree of 

polymerization; each of p and q is independently an integer of from 0 to 3; a 
total of p and q is 3 or greater; and each of terminal oxygens is independently 
bonded to a unit that is different from the dimethyl silicone or to another unit 
that is identical with the dimethyl silicone, 

B(CF 2 ) r CH 2 CH 2 Si(CH 3 ) 3 . s (0^- cb] 

where B represents -CF3 group or -CH2CH2Si(CH3)3-t(0-)t group, 
where t is an integer of from 1 to 3; r is an integer of from 0 to 12; s is an 
integer of from 1 to 3; and a terminal oxygen is bonded to a unit that is 
different from the fluoroalkylsilane or to another unit that is identical with 
25 the fluoroalkylsilane. 
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2. An article according to claim 1, wherein n is an integer of from 5 to 
1,000. 

3. An article according to claim 1, wherein the fluoroalkylsilane is in an 
5 amount of from 3wt% to 20wt%, based on the total weight of the silica. 

4. An article according to claim 3, wherein the fluoroalkylsilane is in an 
amount of from 20 moles to 200 moles, per mol of the dimethyl silicone. 



10 5. A process for using an article according to claim 1, comprising the step 
of wiping the functional film of the article with a windshield wiper, when the 
article is used as a vehicular windshield. 



6. A process for producing an article superior in making a waterdrop slip 
15 down a surface of the article, the process comprising the steps of 

(a) mixing a silica precursor sol with (i) an alkoxy-group-terminated 
dimethyl silicone that is represented by the general formula [l] and that is in 
an amount of from 0.1wt% to 10wt%, based on a total weight of a silica that is 
to be produced from the silica precursor sol and (ii) a fluoroalkylsilane 
20 represented by the general formula [2], such that the alkoxy-group- 
terminated dimethyl silicone and the fluoroalkylsilane are subjected to 
hydrolysis and polycondensation to form a polycondensation product and such 
that a coating liquid containing a mixture of the silica precursor sol and the 
polycondensation product is prepared; and 
25 (b) applying the coating liquid to a substrate, 



CH 3 

(RO) p (H 3 C) 3 . p Si - A 1 - Si- 



CH, 



CH 3 

O-Si+A 2 - Si - (OR) q (CH 3 ) 3 . 



[1] 



n 
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where each of A 1 and A 2 is independently a bivalent hydrocarbon group, 
-(CH2)r NH-COO- group, where i is an integer of from 0 to 9, or oxygen,* R is a 
monovalent hydrocarbon group; n is an integer of 2,000 or less and represents 
an average degree of polymerization," each of p and q is independently an 
5 integer of from 0 to 3; and a total of p and q is 3 or greater, 

B(CF 2 ) I CH 2 CH 2 Si(CH 3 ) 3 . s X s [2] 

where B represents -CF3 group or -CH2CH2Si(CH3)3-tYt group, where 
Y represents a hydrolysable group and t is an integer of from 1 to 3; X 
represents a hydrolysable group; r is an integer of from 0 to 12; and s is an 
10 integer of from 1 to 3. 

7. A process according to claim 6, wherein a precursory film formed by 
the step (b) is heated at a temperature of from 80°C to 600°C into a 
functional film of the article. 

15 

8. A process according to claim 6, wherein n of the general formula [l] is 
from 5 to 1,000. 

9. A process according to claim 6, wherein the fluoroalkylsilane of the 

20 step (a) is in an amount of from 3wt% to 20wt%, based on the total weight of 
the silica that is to be produced from the silica precursor sol. 

10. A process according to claim 9, wherein the fluoroalkylsilane is in an 
amount of from 20 moles to 200 moles, per mol of the dimethyl silicone. 

25 

11. A process according to claim 6, wherein the silica precursor sol is 
prepared by subjecting an alkoxysilane to hydrolysis and polycondensation. 
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12. A process according to claim 6, wherein the silica precursor sol 
contains water and an acid catalyst. 



13. A process for producing an article superior in making a waterdrop slip 
5 down a surface of the article, the process comprising the steps of* 

(a) subjecting an alkoxysilane to hydrolysis and polycondensation, 
thereby preparing a silica precursor sol" 

(b) subjecting an alkoxy-group-terminated dimethyl silicone 
represented by the general formula [l] and a fluoroalkylsilane represented by 

10 the general formula [2] to hydrolysis and polycondensation, thereby 
preparing a polycondensation product; 

(c) mixing the silica precursor sol with the polycondensation product, 
thereby preparing a coating liquid; and 

(d) applying the coating liquid to a substrate, 



15 



CH 3 



(RO) p (H 3 C) 3 . p Si - A 1 - Si 



p 



CH 3 
O-Si- 



-A 2 - Si - (0R) q (CH 3 ) 3 . q [1] 



where each of A 1 and A 2 is independently a bivalent hydrocarbon group, 
-(CH2)fNH-COO- group, where i is an integer of from 0 to 9, or oxygen; R is a 
monovalent hydrocarbon group; n is an integer of 2,000 or less and represents 
an average degree of polymerization; each of p and q is independently an 
20 integer of from 0 to 3; and a total of p and q is 3 or greater, 

B(CF 2 ) I CH 2 CH 2 Si(CH 3 ) 3 . s X s [2] 

where B represents -CF3 group or -CH2CH2Si(CH3)3-tY t group, where 
Y represents a hydrolysable group and t is an integer of from 1 to 3; X 
represents a hydrolysable group! r is an integer of from 0 to 12; and s is an 
25 integer of from 1 to 3. 
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14. A process according to claim 13, wherein a precursory film formed by 
the step (d) is heated at a temperature of from 80°C to 600°C into a 
functional film of the article. 

5 15. A process according to claiml3, wherein n of the general formula [l] is 
from 5 to 1,000. 

16. A process according to claim 13, wherein the fluoroalkylsilane is in an 
amount of from 3wt% to 20wt%, based on the total weight of the silica that is 

10 to be produced from the silica precursor sol. 

17. A process according to claim 16, wherein the fluoroalkylsilane is in an 
amount of from 20 moles to 200 moles, per mol of the dimethyl silicone. 
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ABSTRACT OF THE DISCLOSURE 

The invention relates to an article superior in making a waterdrop slip 
down a surface of the article. This article includes a substrate; and a 
functional film formed on a surface of the substrate. This functional film 
contains - (a) a silica forming a matrix of the functional film; (b) a dimethyl 
silicone represented by the general formula [A], the dimetyl silicone being in 
an amount of from 0.1wt% to 10wt%, based on a total weight of the silica; and 
(c) a fluoroalkylsilane represented by the general formula [B]. 



-eO) p (H 3 C) 3 . p Si-Ai-Si- 



CH 3 
O-Si- 



CH, 



-A 2 -Si-(CH 3 ) 3 . q (0-^ [A] 



n 



10 



B(CF 2 ) r CH 2 CH 2 Si(CH 3 ) 3 . s (0 -fc- 



[B] 
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FIGURE 




WIPES (10 4 TIMES) 



